In this paper, a three echelon supply chain model is explained, which considers supplier, manufacturer and distribution centers. Distribution centers face Poisson demand with the rate of λd and manufacturer produces and ships their orders with stochastic lead time of the Exponential distribution with the rate of µd. A supplier, ships row materials to the manufacturer with stochastic lead time that follows the Exponential distribution with the rate of γs. Assuming lost sales at the distribution centers, an evaluative continuous time markov model is established to evaluate performance indexes of the model. Moreover, response surface methodology is used for optimizing the performance. Results show that the proposed model can evaluate performance indexes of the supply chain model accurately and determine optimum inventory policy. Moreover, the established response surface methodology can estimate net profit of the system as well.
INTRODUCTION
Performance of every system, depends on the decisions which are made by the administrator. Decision making, will be more difficult in case of dynamic systems and nondeterministic situations. Hence, various models have been proposed to support decision makers under such circumstances.
These models can be classified as evaluative and generative models. Evaluative (or predictive) models can calculate performance of the system by assuming a given set of input data and decision variables of the system. Generative or optimization models can provide optimal decision of the system by assuming a given set of input data (Vidalis, 2013) .
On the other hand, generative models search for different solutions and for each solution, they use evaluative models for performance evaluation. Hence, if an effective evaluative model is generated, it will be used in an optimization algorithm (like meta-heuristic algorithms) as objective function and you will determine the optimal solution. Besides, if you generate an evaluative model, you can use other decision making methods (like Response surface methodology (RSM) and Multi Response Optimization (MRO) (Khuri, 2010) , (Myers, 2009) ) for optimizing performance of the system.
In this research we focus on a dynamic system on a three echelon supply chain which consists of supplier, manufacturer and distribution centers. The distribution centers face Poisson demand. They use continuous review (rd,Qd) strategy for inventory control (Federgruen, 1992) . Which means, when inventory level (on hand) at distribution center d, reaches the level rd, it will place an order of size Qd . Besides, there is a manufacturer who produces and ships to the distribution centers. The manufacturer uses continuous review (rm,Qm) strategy for inventory control (Federgruen, 1992) . It will take a random time delay for completion and shipment of an order. Moreover, there is a supplier who supplies and ships row materials to the manufacturer. It will take a random lead time for shipment of and order to the manufacturer.
Performance of this dynamic system is affected by the stochastic process (external demand, production and shipment time at the manufacturer and lead time at the supplier), and the inventory policies of distribution centers and manufacturer.
An evaluative model is proposed to evaluate the performance of this dynamic system. It is assumed that lead times (and production) time are stochastic variables with exponential probability distribution function. The performance of the system, that is, the net profit of the system, is a function of rd (distribution centers reorder point), Qd (order lot-size of distribution center d), rm (manufacturer reorder point), Qd (order lot-size of manufacturer), λd (demand rate for distribution center d), 1/µd (expected value of production time for manufacturer), 1/γs (expected value of lead time for supplier).
The main objective of this paper is to evaluate the customer service level, average inventory level and expected value of net profit at each period. For this reason we have developed a continuous time markov chain (CTMC) (Kulkarni, 2010) for evaluation of the performance. Moreover, we have proposed
The main objective of this paper is to evaluate the customer service level, average inventory level and expected value of net profit at each period. For this reason we have developed a continuous time markov chain (CTMC) (Kulkarni, 2010) for evaluation of the performance. Moreover, we have proposed a computational algorithm to generate rate matrix and occupancy time distributions of the CTMC (Kulkarni, 2010) .
The structure of the paper is organized as follows: Section 2 describes assumptions and definition of the proposed model. In Section 3, calculation of the performance measurement is explained. In Section 4, the use of the proposed procedure is evaluated through a numerical random example. Our concluding and suggestions for future researches are given in the final Section.
PROBLEM DEFINITION AND MODELING
The developed model contains one mature set, D , which is set of distribution centers. It is assumed that, D is composed by two distribution centers (D = {1, 2}). Probability distribution of demand of each distribution center is supposed to be known. There is a warehouse at each distribution center and manufacturer. If demand of a customer does not satisfy, it will leave the system and the system faces shortage cost. We should determine inventory parameters of manufacturer and distribution centers. The objective of this model is to maximize net profit, which is evaluated by the total revenue, transportation cost, holding cost and stock-out coast. The main difference between this model and (Vidalis, 2013) is considering three echelon, multiple distribution centers and multiple inventory levels. In the other words (Vidalis, 2013 ) is a special case of the developed model, hence this model is more similar to the real cases. Moreover, we assumed that the period of optimization is infinite and known, while (Vidalis, 2013) analyse limiting behaviour of markov chain. In real condition, parameters of model will change periodically. Hence, we preferred to analyse transient distribution of the model, although the optimization period (T) can be set a large number (Almost infinity). Figure 1 represents Fig. 1 . The propose supply chain network.
Assumptions
The basic assumptions of the proposed model are as follows:
-In this paper, for simplifying, it is assumed there are two distribution centers, but it can be expanded.
-Customer demand of each distribution center (DC) is a random variable of Poisson distribution with rate λd .
-Demand of DCs are independent.
-All demand that occurs during stock out condition of each DC, are lost and the system faces shortage cost SCd.
-There can never be more than a single outstanding order for each DC. On the other hand, when a DC orders, it will wait until receiving the order.
-All members of the supply chain, follow (r, Q) policy (Federgruen, 1992) to control their inventory. In other words, when inventory level reaches r, an order of size Q will happen and that member will serve demands by its remaining inventory until its remaining inventory reaches zero or the outstanding order arrives.
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-There is a lead time for supplier which indicates that, when manufacturer orders, it will take random time to receive the order. Lead time of supplier follows exponential distribution with the rate of γs.
-Delivery time of DCs is a random variable of exponential distribution with the rate of µd.
-Supplier can satisfy all demand. On the other hand, capacity of supplier is much more than capacity of manufacturer. If it couldn't satisfy the demand, it might outsource the demand.
-It will take one period for manufacturer to produce row materials. In other words, manufacturer cannot use just arrived orders to satisfy demand of DCs.
-If inventory level at manufacturer is less than received orders, it will satisfy orders as much as possible. Priority of a DC which is at less inventory level, is higher than the other DC.
-It is assumed that at the starting state, all inventory levels are at the level of (Q+r)/2.
-Lot sizes are fixed during optimization period.
Parameters
Parameters of this model are as follows: Cm: Stock capacity of manufacturer.
Cd: Stock capacity of DC, d.
T: Optimization period.
Decision variables:
Qm: Order lot size of manufacturer.
Qd: Order lot size of DC, d.
rm: Reorder point of manufacturer.
rd: Reorder point of DC, d.
Model formulation
The proposed model is analysed as a three dimensional markov process. The first dimension Mt is inventory level at the manufacturer. The second dimension D1t is inventory level at first DC, and the third dimension D2t is inventory level at second DC. The state of the system at time t is described by (Mt , D1t , D2t).
Equation (1) and (2) Total number of states
For example if Qm=9, rm=5, Q1=5, r1=2, Q2=6, r2=3 , the total number of states will be (9+5+1)×(5+2+1)×(6+3+1)= 15×8×10=1200.
PERFORMANCE MEASUREMENT OF THE SYSTEM
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As it is mentioned in the previous section, rate matrix of the CTMC (R) consists of 0, λd, γs, µ1 and µ2 which can be calculated by following pseudo code:
Step2: Um=min(Cm, Qm+rm);
Ud2=min(Cd2, Qd2+rd2)
Step3: for m=0:Um
for d2=0: Ud2
end; end; end;
For evaluation of the performance of the model, we need to evaluate occupancy time distribution of matrix R. Equations (4) to (12) are used to calculate occupancy time matrix until time T after starting state (Kulkarni, 2010) , (Ross, 2014) . We have generated a random problem to illustrate the proposed model. Parameters of this problem are generated randomly (Table. 1).
NUMERICAL EXAMPLES
After parameter generation, 100 random solution (Qm , rm , Q1, r1 , Q2 , r2 ) is solved and response surface methodology (RSM) is used for optimization. Please note that the aim of the research is to propose an evaluative model (not a generative model). RSM is not a powerful optimization method for this kind of optimization but its application is very simple. Other optimization methods such as metaheuristic algorithms can be used for achieving (probably) better solutions. Figure 2 shows the RSM results, and surface plot of all pairs of variables are reported by Figure 3 . As it is mentioned in Figure 3 , the optimal solution which is achieved by the proposed method is (Qm=17, rm=0, Q1=3, r1=4, Q2=6, r2=4) . The RSM method predicts the performance of the system in the range [14380, 14560] with 95% confidence level. And the real performance of the system is equal to (Net Profit=14433). Hence, we can conclude that the proposed method can achieve a good solution and it can estimate the performance of the optimal solution as well. The actual costs and revenue of the model are explained in Table. 2.
CONCLUSION
In this paper a three echelon supply chain network is proposed, which considers stochastic demand and lead time with (r, Q) inventory policy. An exact continuous time markov model is established to calculate performance indexes of the proposed model. Then, the RSM method is used for optimization the performance of the model. The goal of this paper is generating an evaluative model, which can evaluate the expected value of the performance exactly. Although, the results show that the proposed method can optimize and estimate the performance as well.
As a future research, one can consider simulation approach for evaluating the performance indexes, and comparing the results with the markov approach. Metaheuristic algorithms can be developed for optimization of the proposed method as well. Besides, other objective functions such as customer service level and strategies such as pricing are good areas for future researches. Moreover, investigation of supply chains with more stages, nodes and routes and also reverse logistic and closed loop supply chain models can be considered as possible areas for future research.
